Objectives: To evaluate factors that could be associated with retained surgical sponges in veterinary patients. results: The response rate was 64 of 322 (19%). Lack of designated scheduled time for surgical procedures was reported by 30% of respondents and was variable for 31%. More than half of respondents (66%) had two people involved in each surgical procedure. The majority of respondents sterilised their own surgical sponges (91%) and used non-radiopaque surgical sponges (56%). Sponges were not counted by 27% of respondents and only occasionally by 20%. Sponge count was not recorded by 70% of respondents. The majority (66%) did not use or have a surgical checklist. Lack of awareness of gossypibomas was reported by 11% of respondents. In all, 27% of respondents were aware of at least one case of retained surgical sponge. Of the 17 cases reported, 14 were small animals. The abdomen was the most common anatomical location for retained surgical sponges and followed elective neutering.
be under-reported for medicolegal reasons (Biswas et al. 2012 , Gümüs et al. 2012 or because of long asymptomatic postoperative periods (Kaiser et al. 1996 , Suwatanapongched et al. 2005 , Kobayashi et al. 2014 , Bakan et al. 2015 . The incidence of gossypiboma in veterinary surgical patients is unknown.
Several risk factors have been identified in humans for RSS including emergency operations, unplanned changes in the surgical procedure and high body mass index (Gawande et al. 2003 , Lata et al. 2011 . Other risk factors identified include poor communication within the surgical team, long operations, unstable patient condition, intraoperative blood loss greater than 500 mL, multiple operations performed by the same surgical team, inadequate number of staff members and inexperienced staff (Gibbs et al. 2007 , Lincourt et al. 2007 , Lata et al. 2011 , Moffatt-Bruce et al. 2014 . Lack of sponge count and incorrect sponge count has been reported as a significant risk factor in some of these studies (Lauwers & Van Hee 2000 , Gibbs et al. 2007 , Moffatt-Bruce et al. 2014 , Stawicki et al. 2014 , with the majority of retained surgical items caused by team or system error rather than isolated human error (Stawicki et al. 2014) . Risk factors for RSS in veterinary patients have not been established.
The objective of our study was to evaluate factors that could contribute to RSS in veterinary patients.
MATERIALS AND METHODS
A survey (Appendix S1, Supporting Information) in hard copy was distributed to veterinarians attending a national veterinary conference hosted by our institution. Conference stream moderators invited participants to confidentially complete and return the survey on the day of the conference. Students and staff members from the hosting institution who attended or participated in the conference were excluded from the study. Incomplete surveys, defined as those in which all questions were not answered, were excluded from further analysis. Colour-coding of the survey and response to the first survey question allowed categorisation of respondents into primary care small animal practitioners, mixed practitioners (small animal and large animal), large animal practitioners (equine and farm animal), private referral practitioners and university teaching hospitals veterinarians. The subsequent questions were grouped into four categories: (1) surgery-related questions, including information about caseload, scheduling for surgical procedures and staff involved, (2) type of SS used and number included in the surgical pack, (3) methods of surveillance to track SS, including who performed the sponge count, when it was performed and whether or not there was a method of recording sponge count and (4) questions related to RSS and gossypiboma, including awareness and recognition of this postsurgical complication and description of clinical cases comprising signalment, surgical procedure where the SS was retained, time from initial surgery to diagnosis and consequences for the patient and personnel involved.
Statistical analysis
Descriptive statistics were calculated using a spreadsheet program (Excel, Microsoft Office 2010) with results expressed as proportions and percentages. The answers for each question were analysed as percentage of the total number of respondents and as percentage of each category of respondent. For questions with more than one answer allowed, the percentage was calculated considering the multiple answers as an additional category.
RESULTS
All results are displayed in Tables 1, 2 , and 3. Three hundred and twenty-two practitioners were invited to participate. The response rate was 19.9% (64/322). Fifteen of 322 surveys (4.7%) were incomplete and excluded from analysis.
Demographics
Of the 64 surveys included, 29 (45.3%) were from primary care small animal practices, 26 (40.6%) from mixed practices, five (7.8%) from large animal practices, three (4.7%) from private equine referral practices and only one from a university teaching hospital.
Surgery-related questions
Survey question 3 related to scheduling of surgery and allowed the respondent to tick more than one category. A consistently defined, protected and dedicated time period for elective surgeries was not incorporated into the routine working day for 39 of 64 (61%) respondents, with operations performed between non-surgical procedures in 19 (29.7%) responses or at variable times depending on other duties carried out at the practice in 20 (31.3%) responses. These were collectively termed 'non-scheduled' surgeries. Of the 39 respondents with non-scheduled time for surgery, 16 were in mixed practices and four in large animal practices, representing 51.3% of the non-scheduled time for surgery. Nine of 64 (14.1%) performed surgeries after non-surgical procedures, eight (12.5%) had a designated person for surgeries and six (9.4%) a designated day. Two respondents ticked the category 'others'. One performed surgeries after non-surgical procedures but had a designated person and the other performed surgeries during the non-opening hours of the practice. Non-surgical procedures did not interfere with scheduling of surgery in all private referral hospitals and the university teaching hospital.
The majority of respondents (52/64; 81.2%) had two staff members per operation (a veterinary surgeon and an anaesthetist/ nurse), although for 10 (15.6%) respondents, the second staff member also acted as a surgical assistant for emergencies and complicated cases. Six of 64 respondents (9.4%) consistently had three staff members allocated per operation, with four (6.3%) having a primary surgeon, an assistant and an anaesthetist, and two (3.1%) having an operating room technician or nurse instead of an assistant surgeon. Four respondents had four staff members per operation (primary surgeon, assistant, anaesthetist and operating room technician or nurse), while the university teaching hospital involved more than four staff members per operation, including surgery students. One large animal practice performed surgeries with the owner of the patient helping during the procedure. 
Surgical sponges
The most common type of SS used, by 30 of 64 respondents (46.9%), were 4×4 non-radiopaque sponges. Six respondents (9.4%) used 10×10 non-radiopaque SS while 19 (29.7%) used both types of non-radiopaque SS. The use of SS with radiopaque markers was only reported by six (9.4%) respondents, with one respondent using 4×4 radiopaque SS and 10×10 non-radiopaque SS, and the other five using radiopaque SS of both sizes. Three respondents who ticked the category 'others' (two small animal, one large animal) reported using surgical towels or facecloths rather than SS. Due to the nature of data collection, further details regarding the types of sponges used were not obtained.
Methods of surveillance for RSS SS were not counted by 17 (26.6%) respondents, while 13 (20.3%) counted them occasionally. Three respondents (4.7%) counted sponges only at the beginning while 19 (29.7%) counted at the beginning and at the end of surgery. Eight respondents (12.5%) counted SS at the beginning, during and at the end of surgery, while four (6.3%) ticked the category 'other', counting only at the end of surgery (n=1) or not using SS in favour of other system (e.g. towels, facecloths).
Sponges were counted by one person according to 34 (53.1%) of respondents, with 16 (25%) done by the primary surgeon and 18 (28.1%) by the person responsible for packing the surgical items. Sponges were counted by two people in 22 (34.4%) responses: the primary surgeon and another staff member in the operating room in 12, and the person responsible for packing the surgical items before surgery and the primary surgeon in 10. Sponges were counted by four individuals (primary surgeon, assistant, operating room staff and the person responsible for packing the instruments) in the university teaching hospital. Seven of 64 respondents (10.9%) ticked the category 'other' and specified not using SS (three), or not counting SS (four).
The majority of respondents (45/64; 70.3%) reported not recording sponge count while four (6.3%) reported rarely recording sponge count and six (9.4%) reported occasionally recording sponge count. Only six (9.4%) respondents recorded sponge count using a checklist or similar document. The three respondents who selected the category 'other' were those who reported not using SS.
Only 15 (23.4%) respondents had a checklist and used it while seven (10.9%) had a checklist that was not routinely used. Forty-two of 64 respondents (65.6%) did not have a checklist, with seven (10.9%) planning to have and use one in the future. Two of the 42 who reported not using a checklist were unaware of their use in veterinary surgery, as recorded in the comments for this question.
Retained surgical sponge cases Seven of 64 respondents (10.9%) were unaware of gossypiboma as a complication of surgery while 57 (89.1%) were aware of this complication. Seventeen of 64 (26.6%) reported direct or indirect involvement in a RSS case, providing clinical details of the case. The career stage of respondents involved in RSS cases was not recorded.
Seventeen cases of RSS were described, three in large animals (two horses and one donkey) and 14 in small animals (13 dogs and one cat). Further case details are provided in Table 4 . The three large animal cases required revision surgery but had good clinical outcomes. However, all three cases ended with client complaints and one case ended with the primary surgeon facing legal action. One of 14 small animal RSS cases was reported in a referral institution, with the RSS diagnosed by its radiopaque marker observed on radiographs obtained immediately after thoracic wall tumour resection. The reason for immediate postoperative radiographs was not reported. Thirteen of 14 small animal cases were reported by general practitioners (12 small animal practices, one mixed practice). In the small animal cases reported, the RSS was found in the abdomen in 13 of 14 (92.9%) cases. Nine of 14 small animal RSS cases (64.3%) occurred following ovariohysterectomy, eight during elective procedures and one during surgery for pyometra. Two RSS cases occurred following abdominal cryptorchidectomy, one following inguinal herniorrhaphy and another following abdominal surgery with no details of the type of procedure performed. The outcome for the 14 small animal cases was good in 11 (78.6%), although one case required 7 days of intensive care hospitalisation before discharge, an enterectomy with end-to-end anastomosis due to development of intestinal adhesions and subsequent malabsorption syndrome. Two of 14 small animal cases (14.3%) died, one during revision surgery and one within 48 hours of revision surgery. One patient was euthanised during revision surgery due to septic peritonitis. Nine of the small animal cases ended with client complaints with two veterinarians facing litigation. In another small animal case, the veterinary practice covered the financial cost of revision surgery.
Of the 17 RSS cases reported, the surgical procedure was non-scheduled in 12 (70.6%), had two people involved in surgery in 15 (88.2%) cases and involved non-radiopaque SS in 15 (88.2%). Sponges were not counted in nine (52.9%) cases. In eight (47.1%), sponges were counted by a single person (n=7) either at the beginning (n=3) or at the end of surgery (n=4). In the remaining RSS case, sponges were counted by two people but not recorded.
Sponge count was not recorded in 14 (82.4%) RSS cases. In three in which the sponge count was reported as 'not performed', the respondents reported having a checklist. In four RSS cases, sponge count was reported to have been recorded; non-radiopaque SS were used in two cases and only two staff members were involved in surgery in all four cases.
DISCUSSION
Based on the results of our survey and the 17 RSS cases described herein, we propose that the absence of a defined and scheduled Multitasking, time pressure, increased workload and competing tasks pose important threats to patient safety in the operating room, contributing to higher incidences of RSS in human patients (Christian et al. 2006 , Steelman & Cullen 2011 . Non-scheduled time for surgery was identified in more than half of the RSS cases described in our study. Although the majority of cases underwent elective surgical procedures, we speculate that time pressure to finish surgery if other non-surgical procedures need to be performed, interruptions during surgery by other staff members or other type of disturbance may have contributed to human error leading to inadequate sponge count and subsequent sponge retention. The potential for RSS may be increased when these circumstances occur in conjunction with unexpected events during surgery, such as intraoperative complications or equipment failure.
Low number of staff (two persons) involved in surgery was found in 15 of 17 RSS cases and reported by 21 of 26 small animal general practitioners and 19 of 26 mixed animal general practitioners responding to the survey, reflecting the realities of general practice. In these cases, only a primary surgeon and a technician or nurse were present in the operating room. Although general veterinary practice and human hospital practice are not comparable, the experiences in risk reduction in human hospitals may be applicable to veterinary practice. The presence of a surgical assistant in human surgery has been postulated to decrease the incidence of retained surgical instruments and RSS (Stawicki et al. 2014) , not only to reduce time for sponge count but also to facilitate verification of counting protocols, particularly in cases when sponge count is incorrect. However, the realities of staffing in general veterinary practice limit options for dealing with this.
Basic methods to reduce the risk of RSS include regular surveillance of the surgical field to identify missing sponges, a defined specific number of sponges in the surgical pack and counting SS before and after the procedure (Zeltzman & Downs 2011) . Counting SS before and after the procedure is the most widely used method for screening RSI in humans (Goldberg & Feldman 2012) . Despite the simplicity of counting, adequate sponge counting is not common in veterinary surgery (Zeltzman & Downs 2011 ), as we report in our results, with the majority of respondents admitting to not counting SS, doing so occasionally, or counting SS only at the beginning or at the end of surgery. Sponge count is heavily dependent on human performance and subject to error (Gibbs et al. 2007 ). Incorrect sponge count may occur due to fatigue, incorrect package count, unusually haemorrhagic procedures, lack of SS count or not repeating SS count in cases with an unsatisfactory initial count (Kaiser et al. 1996) . It is reasonable to conclude that lack of sponge count or verification of correct sponge count, as observed in our results, can increase the risk of RSS in surgical patients, particularly in emergencies or when unexpected events occur. Although sponge-counting practices do not completely eliminate the risk for RSS (Kaiser et al. 1996 , Gawande et al. 2003 , it still represents a simple and inexpensive method to decrease the incidence of RSS in human and veterinary patients. SS can easily be camouflaged in surrounding tissue when soaked with blood, making identification through visual inspection difficult (Zeltzman & Downs 2011) . There are two types of SS depending on the materials their fibres are made of (Zeltzman & Downs 2011) . Non-woven SS are made of synthetic fibres that provide slightly higher absorption capacity and less lint compared to woven SS, which are made of cotton (Zeltzman & Downs 2011) . Non-woven SS are also softer and more expensive than woven SS. Our survey was not designed to evaluate which type of SS were used. However, considering the different characteristics of these two types, SS with less absorptive capacity may get lost more easily when soaked with blood. Softer non-woven SS may be more difficult to find by palpation when they are lost in the surgical field.
One of the diagnostic imaging modalities used in suspected RSS cases is plain radiography, which can help identify RSS (Cima et al. 2008) . Few respondents in our study used SS with a radiopaque marker, likely due to increased cost of radiopaque sponges. If non-radiopaque SS are used, diagnosis of RSS using plain radiographs and even combining them with other diagnostic imaging tests, such as ultrasonography, is challenging (Choi et al. 1998) (Fig 1) . Despite a reported 10% false negative result when plain radiography is used to identify SS (Cima et al. 2008) , the radiopaque marker in the SS may facilitate their radiographic identification, as described in the case of the thoracic wall tumour resection. The majority of respondents who were involved in a RSS case reported using non-radiopaque SS.
Human error in the complex environment of the operating room is inevitable. Surgical safety checklists improve reliability of surgical procedures and help to standardise human patient care (Anwer et al. 2016) . Implementation of checklists has been associated with reduced mortality rates and complications in human and veterinary surgical patients (Haynes et al. 2009 , Bergström et al. 2016 . Recording sponge count could help not only to defend an individual or institution in cases of retained surgical instruments but also facilitate standardisation and implementation of protocols in the operating room, particularly when there are counting discrepancies (Goldberg & Feldman 2012) . Sponge counts were not recorded by the majority of respondents in our study, including those with surgical checklists.
Abdominal gossypibomas represent 47 to 74% of human RSS cases (Kaiser et al. 1996 , Gawande et al. 2003 , Lincourt et al. 2007 , Hariharan & Lobo 2013 , Stawicki et al. 2014 . The abdomen is the most common location for a sponge to be retained, likely because of the depth of the surgical site and the torturous nature of the intestines, mesentery and omentum (Zeltzman & Downs 2011) . However, it may also reflect the frequency of abdominal surgery in human patients compared to other cavities or surgical approaches (Zeltzman & Downs 2011) . The majority of RSS cases identified in small animals in our study were found in the abdomen, similar to previous reports in veterinary patients (Merlo & Lamb 2000 , Putwain & Archer 2009 , Haddad et al. 2010 , Krimer & Duval 2010 , Forster et al. 2011 , Day et al. 2012 . Ovariohysterectomy was the most common abdominal procedure leading to RSS in our study, similar to previous reports (Merlo & Lamb 2000 , Forster et al. 2011 . This likely reflects the frequency of performing ovariohysterectomy in small animal patients but may also occur secondary to a complication of the procedure itself, such as intraoperative haemorrhage from an ovarian pedicle.
Twelve of the 17 RSS cases reported ended with client complaints and three veterinarians faced legal actions. This highlights the importance of RSS in veterinary patients, as described in humans, not only leading to medical complications for the patient but also having a significant economic impact.
One limitation of our study is the low-response rate. Response rates can be affected by the survey topic and the sensitive nature of the topic (Cunningham et al. 2015) . We observed a higher response rate for small animal practitioners compared to large animal practitioners. Lack of reported large animal cases in the veterinary literature and lack of awareness of this postsurgical complication in large animal patients could have contributed to the low-response rate for this group. Although we might have improved the response rate using a different survey design or method of distribution, the information collected in our study provides a reasonable indication of the standards followed by the respondents and demonstrates the occurrence of this surgical complication in veterinary patients.
Another limitation of our study is potential duplication of results. The surveys were completed by attendees at a national conference, some of whom could have worked in the same institution at the time of answering the questions, providing duplicate information about the standards followed at the practice. However, details provided for the 17 RSS cases suggested no duplication of cases. We lack details of the time period over which these cases were seen, making inference of incidence of this complication impossible in our study population.
A third limitation is directly related to the information provided about the RSS cases. Based on the details obtained with the survey and considering its confidentiality, it is unknown if the cases were detected in the practice where the respondents worked at the time of filling the survey or if the respondents were involved in the case when working in a different place. A retrospective study, analysing all the conditions that cause the RSS to occur would have been required to evaluate the factors leading to this postsurgical complication.
Based on the results of our study, the prevalence of RSS in veterinary patients appears to be low, as reported in previous studies (Forster et al. 2011) . However, our survey was not designed to evaluate over what period the cases were observed or the career length of respondents. Veterinary surgeons with less experience may not have been exposed to RSS cases while more experienced clinicians may have been exposed to more clinical cases during their career. Calculation of odds ratio to identify risk factors was not possible in our study. A multi-institutional study including a larger number of cases is warranted to compare results and determine risk factors for RSS in veterinary patients.
Absence of a protected and dedicated time for surgery, reduced number of staff per surgery and inadequate methods of surveillance may be risk factors for RSS in veterinary patients. Abdominal surgery, especially ovariohysterectomy, may be surgical procedures at increased risk for RSS and consequently gossypiboma in small animals. Education of the surgical team, standardisation of protocols, development of local counting protocols, adherence to counting protocols before skin incision and at the completion of surgery and recording of sponge count are recommended methods of surveillance to reduce the incidence of this postsurgical complication.
